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CATHETER BALLOON HAVING RAISED RADIAL SEGMENTS 

Field of t he Invention 
The present invention relates to catheters for 
performing intravascular and non-intravascular medical 
procedures, wherein an expandable balloon is mounted 
proximate the distal end of the catheter. More 
specifically, the invention relates to a balloon design 
incorporating a textured surface and at least one reduced 
texture longitudinal strip to achieve improved folding 
characteristics . 

Background of the Invention 
Percutaneous transluminal angioplasty (PTA) is a well 
established procedure for the treatment of blockages in 
arteries. Blockages may occur from cholesterol buildup on 
the artery wall which may be in any stage from initial 
deposit through aged lesions. Arteries can also become 
blocked due to formation of thrombus. 

The most widely used form of PTA makes use of a 
dilation balloon catheter, which has an expandable or 
inflatable balloon member proximate its distal end. The 
catheter is inserted into the patient's vascular system and 
guided until the balloon at the distal end of the catheter 
is positioned across a stenosis or blockage. A fluid is 
then fed under pressure through an inflation lumen of the 
catheter to the balloon, which causes the balloon to expand 
outward, thereby opening the stenosis. 

Another use for balloon catheters is the placement of 
stents, grafts or stent/graft composites. To put a stent 
into position, the stent is placed around the balloon, and 
the balloon advanced into position within a vessel. The 
balloon is then inflated, expanding the stent outward 
against the vessel wall and into the desired shape and 
size. The balloon is deflated, leaving the stent in place. 
Balloons having smooth surfaces sometimes have difficulty 
in achieving separation of the balloon surface from the 
stent during balloon deflation. The smooth balloon surface 
has the potential to stick to the stent or graft. Sticking 
is more of a problem with some materials, such as glassy 
PTFE, than others. 
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One important characteristic of a dilation balloon 
used for angioplasty or stent placement is its profile, 
which is determined by the outer diameter of the distal end 
portion of the catheter and the balloon cross section- The 
outer diameter of the dilation balloon, both before 
inflation, during insertion and after treatment upon 
deflation, affects the ease and ability of the dilation 
catheter to pass through a guide catheter, through small 
caliber or small lumen arteries, and across a tight lesion. 
It is desirable to have a catheter having a low profile 
when the balloon is initially inserted uninf lated and after 
treatment upon deflation for ease in both insertion and 
withdrawal . 

In order to reduce the outer diameter of the balloon 
in its pre-inf lation condition, it is common to fold the 
balloon flat, resulting in two wings being formed. These 
two wings are sometimes brought together in some fashion so 
as to reduce the overall diameter of the deflated balloon. 
This is commonly done by installing a sleeve or balloon 
protector around the deflated balloon to bring the two 
wings together. After inflation during treatment, it is 
often difficult to return balloon wings to their pre- 
inf lation configuration. This becomes a problem when the 
balloon does not return to a diameter small enough to fit 
within the guide catheter, or pass across a tight lesion in 
multi-site angioplasty. 

After dilation, the balloon is deflated by pulling 
vacuum on the balloon, collapsing the balloon, often 
referred to as "pancaking", forming flat wings having edges 
at their outermost extent. A non-elastic balloon having 
inflated diameter D, will have a post-inflation pancaked 
flat cross section of about Pi * D, a significant increase. 
The presence of wings and edges can interfere with ease of 
retraction, both through a guide catheter and through a 
body vessel or through a deployed implant such as a stent 
or graft. A smaller profile upon deflation is more 
desirable than a larger profile because of the increased 



10 



15 



WO 98/1 1933 PCT/US97/13641 

ease of retraction and decreased contact with vessel walls. 
Various approaches have been taken to reduce the profile of 
balloons prior to retraction as summarized below. 

Campbell et al. (U.S. Pat. No. 5,478,319) disclose a 
balloon having four longitudinal ribs, providing for four 
smaller wings upon deflation rather than two larger wings. 

Hilstead (U.S. Patent No. 5,366,472) discloses a 
dilation catheter having an elastic sleeve to expand with 
the balloon and contain the balloon wings after deflation. 

Tsukashima et al. (U.S. Patent No. 5,350,361) disclose 
a balloon having three smaller wings upon deflation rather 
than two larger wings . 

Many of the folding improvements result in deflated 
balloons still having flat wings, albeit smaller ones, and 
still having outwardly projecting wing edges. There 
remains a need for a catheter balloon with improved folding 
characteristics. There also remains a need for a catheter 
balloon having improved, non-stick characteristics for 
stent and graft placement. 

Summary of i-.h e invent. inn 
The present invention is a medical dilation balloon 
for insertion into a body conduit. More specifically, the 
invention includes a balloon having improved folding 
characteristics, providing a smaller and easier to withdraw 
25 profile upon deflation. The present invention uses an 

angioplasty balloon catheter by way of example, but other 
medical dilation catheters are within the scope of the 
invention . 

The balloon of the Present invention includes a 
30 textured surface and at least one reduced-texture 

longitudinal strip. The preferred embodiment includes 
raised radial ridges and a single longitudinal notch or 
strxp which does not have radial ridges. m another 
embodiment, the longitudinal strip has radial ridges of 
35 reduced height or density. m combination, the textured- 

surface and reduced-texture longitudinal strip operate to 
cause controlled preferential folding along the reduced- 
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texture strip, leading to an initial controlled folding 
along the strip caused by an initial collapse of the 
longitudinal notch. The controlled folding is followed by 
formation of wings. The wings curl and draw closer 
together upon further deflation. In the preferred 
embodiment having a single longitudinal strip, the wings 
curl and draw together at their tips. The curling of the 
wings dispose the wing edges inward and less disposed 
toward the conduit or blood vessel walls. This presents a 
more rounded surface to the conduit wall than the edges of 
a flat pancaked balloon. 

The present invention can also include a coaxial 
catheter shaft having an inner shaft attached to the 
balloon distal end and an outer shaft attached to the 
balloon proximal end. This coaxial shaft allows for change 
in the longitudinal dimension of the balloon during 
inflation and deflation with reduced bending of the 
balloon. 

The present invention includes a balloon for 
attachment to a shaft, and an assembly including both 
balloon and shaft. Use of the present balloon for graft 
and stent placement is also contemplated. The balloon of 
the present invention may be used particularly 
advantageously with grafts formed of graft material such as 
polytetraf luoroethylene, collagen or composites. 

Brief Description of the Drawings 

The present invention is illustrated by way of example 
and not limitation in the figures of the accompanying 
drawings in which like references indicate similar parts 
and in which: 

FIG. 1 is a perspective view of a balloon catheter 
assembly including a balloon incorporating a preferential 
folding design; 

FIG. 2 is an enlarged perspective view of the balloon 
surface depicted in FIG. 1; 
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FIG. 3 is an enlarged fragmentary cross-sectional view 
taken along lines 3-3 of FIG. 2, illustrating a balloon 
surface having raised radial ridges; 

FIG. 4 is a cross-sectional view of a relaxed balloon 
taken along lines 4-4 of FIG. 2, illustrating a raised 
radial ridge and reduced texture longitudinal strip; 

FIG. 5 is an enlarged fragmentary cross-sectional view 
of the circled area of FIG. 4; 

FIG. 6 is a side elevational view illustrating a 
balloon of the present invention as mounted on catheter 
shafts; 

FIG. 7 is an enlarged cross-sectional view of an 
alternative balloon distal transition section; 

FIG. 8 is an enlarged cross-sectional view of ridges 
having rounded apexes of varying width and height; 

FIG. 9 is an enlarged cross-sectional view of ridges 
having rounded apexes of varying width; 

FIG. 10 is a cross-sectional view of a rounded ridge 
apex taken along a plane perpendicular to the balloon 
longitudinal axis; 

FIG. 11 is a cross-sectional view of a flat ridge apex 
taken along a plane perpendicular to the balloon 
longitudinal axis; 

FIG. 12 is a cross-sectional view of a pointed ridge 
25 apex taken along a plane perpendicular to the balloon 

longitudinal axis ; 

FIG. 13 is a cross-sectional view of a rounded trough 
apex taken along a plane perpendicular to the balloon 
longitudinal axis; 

30 FIG ' 14 is a cross-sectional view of a flat trough 

apex taken along a plane perpendicular to the balloon 
longitudinal axis; 

FIG. 15 is a cross-sectional view of a pointed trough 
apex taken along a plane perpendicular to the balloon 

35 longitudinal axis; 

FIG. 16 is a fragmentary perspective view of a balloon 
in an early stage of deflation; 
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FIG. 17 is a fragmentary perspective view of a balloon 
in a further stage of deflation; 

FIG. 18 is a fragmentary perspective view of a balloon 
in a still further stage of deflation; 

FIG. 19 is a fragmentary perspective view of a balloon 
in an even further stage of deflation; 

FIG. 20 is a cross-sectional diagrammatic view of a 
balloon taken along the plane perpendicular to the balloon 
longitudinal axis; and 

FIG. 21 is an alternative embodiment cross-sectional 
diagrammatic view of a balloon taken along the plane 
perpendicular to the balloon longitudinal axis. 

Detailed D escription of the Preferred Embodiments 

FIG. 1 illustrates generally a dilation balloon 
catheter 2 of the present invention having a catheter shaft 
6 attached distally to a balloon 4. Shaft 6 includes a 
shaft proximal end 8, and balloon 4 includes a balloon 
proximal end 2 0 , distal end 22, and distal tip 23. Balloon 
4 includes a distal transition or waist section 36 proximal 
to distal tip 2 3 and proximal transition or waist section 
38 distal to the junction of catheter shaft 6 to balloon 4. 
As defined herein , the balloon 4 includes a balloon 
envelope 5 which defines the balloon between the distal 
waist 36 and proximal waist 38. In a preferred embodiment, 
as illustrated in FIG. 6, the shaft includes an inner shaft 
24 coaxially disposed within an outer shaft 26, The inner 
shaft 24 extends the length of the catheter to provide a 
guide wire lumen 25 for guiding the catheter over a guide 
wire (not shown). The annular space formed between inner 
shaft 24 and outer shaft 2 6 forms an inflation lumen 27 in 
fluid communication with the balloon 4. 

Balloon 4 can exist in different stages of inflation 
including pressurized (inflated), non-pressurized 
(relaxed), and under vacuum (deflated). In the pressurized 
state, inflation fluid under pressure causes balloon 4 to 
expand. In the non-pressurized state, balloon 4 is not 
flat, having retained some structure. A non-pressurized 
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balloon outside the body may have much of its full profile. 
A non-pressurized balloon inserted across a tight stenosis 
may have a significantly smaller profile, requiring 
pressurization to press outward against the stenosis and 
attain a full profile. When under vacuum, the inflation 
fluid has been withdrawn, pulling vacuum, causing balloon 
4 to deflate and decrease in size. 

FIG. 2 illustrates a section of balloon envelope 
surface 16 in a relaxed state, this embodiment having a 
textured surface comprising raised radial ridges 12. The 
raised radial ridges 12 extend around a portion of the 
circumference of the balloon surface 16. A reduced texture 
strip, comprising a longitudinal strip 14 extends 
longitudinally along at least a portion of the balloon 
15 surface 16. m a preferred embodiment, the longitudinal 

strip 14 is a relatively smooth surface simply lacking the 
raised radial ridges 12 which terminate at both sides of 
the longitudinal strip 14. m another embodiment, 
longitudinal strip 14 includes raised radial ridges having 
reduced ridge height or density. 

FIG. 3 shows an enlarged view of balloon envelope 
surface 16 and raised radial ridges 12. The embodiment of 
FIG. 3 includes radial ridges having relatively uniform 
ridge width and height. This embodiment has peaks 15 and 
troughs 17, with troughs 17 being at generally the same 
height or radial distance as balloon surface 16 and 
longitudinal strip 14. Described alternatively, peaks 15 
may be considered generally the same height as the balloon 
surface, with troughs 17 described as being below the 
balloon surface. A preferred embodiment has 1 to 50 ridges 
per inch in the longitudinal direction. A most preferred 
embodiment has 10 to 20 ridges per inch. 

FIG. 4 shows another view of one raised radial ridge 
12 and longitudinal strip 14. FIG. 5 shows an enlarged 
view of one raised radial ridge 12 and longitudinal strip 
14. As depicted in these views, the raised radial ridges 
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12 are formed integral with the balloon as can be done with 
standard blow molding. 

FIG. 6 illustrates balloon 4 in a related state, not 
under vacuum. Catheter shaft 6 is shown having an inner 
5 shaft 24 coaxially within an outer shaft 26. Inner shaft 

24 is attached to balloon distal end 22 at inner shaft 
distal end 28 and outer shaft 26 is attached to balloon 
proximal end 20. The inner shaft 24 can be axially 
slidable within outer shaft 26 or may be fixed relative to 

10 the outer shaft 26 at the proximal end of the catheter. In 

one embodiment of the invention, inner shaft distal end 28 
is bonded to balloon distal end 22 and outer shaft 26 is 
bonded to balloon proximal end 20. The attachment of the 
balloon to the shafts serves to contain inflation fluid. 

15 The balloon may be bonded to the shafts by adhesive. The 

embodiment of FIG. 6 depicts longitudinal strip 14 running 
in a straight line parallel to the longitudinal axis of the 
balloon. Alternatively, the longitudinal strip can run in 
a spiral around balloon surface 16. 

20 FIG. 7 illustrates an embodiment having raised radial 

ridges 12 in distal transition or waist section 36. Other 
embodiments (not shown) can have raised radial ridges in 
the proximal transition or waist section 38. Other 
embodiments, as illustrated in FIG. 6, have no raised 

25 radial ridges in either transition section. 

Balloons having varying radial ridge height and width 
are within the scope of the invention. FIG. 8 illustrates 
an embodiment including raised radial ridges 12 having 
rounded apexes varying in both width and height. FIG. 9 

30 illustrates an embodiment including raised radial ridges 12 

having rounded apexes of varying width. 

Various ridge apex shapes are also within the scope of 
the invention. FIG. 10 illustrates an embodiment having 
raised radial ridges 12 with a rounded ridge apex 46. FIG. 

35 11 illustrates another embodiment having a flat ridge apex 

13. FIG. 12 illustrates yet another embodiment having a 
pointed ridge apex 12 • 



15 



WO 98/1 1933 PCT/US97/13641 

Various radial trough apex shapes are also within the 
scope of the invention. FIG. 13 illustrates an embodiment 
having a rounded trough apex 40. FIG. 14 illustrates 
another embodiment having a flat trough apex 42. FIG. 15 
5 illustrates yet another embodiment having a pointed trough 

apex 44. 

When relaxed and not otherwise constricted, balloon 4 
appears as illustrated in FIGS. 2 and 6, having a surface 
texture such as the raised radial ridges 12 shown. This 
10 surface functions in combination with a region with reduced 

surface texture, as illustrated by longitudinal strip 14. 
Many surface textures provide a similar function, including 
(not shown) cross cuts, hatching, scalloping, and ball 
peening marks. 

When fully pressurized, balloon 4 envelopes surfaces 
16 and radial ridges 12 flattened out, reducing or 
eliminating the height difference of balloon envelope 
surface 16 and radial ridges 12. This flattened, 
pressurized balloon surface, when used for stent placement, 
serves to uniformly expand the stent into the vessel walls. 
Once the angioplasty or placement is complete, balloon 
deflation may begin. 

The region with reduced surface texture serves as a 
region of structural weakness during deflation relative to 
25 the textured region. This region initiates a controlled 

preferential collapse or folding of the inflated balloon 
when deflation occurs. In preferred embodiments, the 
region of reduced surface texture is a longitudinal strip 
14 or a longitudinal notch 15. A balloon may have one or 
more notches. The length of a notch may be from 0.5 mm to 
the entire length of the balloon. A preferred embodiment 
has a single longitudinal strip or notch of reduced 
texture. The apex of the notch may be pointed, angular, 
smooth or rounded. A preferred embodiment as depicted in 
FIGS. 2 and 6, includes a smooth longitudinal strip which 
is formed during blow molding by simply terminating the 
raised radial ridges prior to encircling the entire balloon 
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circumference. Alternatively , the angles of the 

sides of the notch may form a generally equilateral or 
isosceles triangular shape* Notch sides may be angular, 
curved , or radiused. Notches may be continuous or 
5 intermittent across the balloon length. Notches can be 

generally parallel to the balloon body longitudinal axis as 
illustrated in FIG, 16. Notches can also spiral around the 
balloon body, take a curved path, or fall at an angle 
across the balloon length. 

10 When inflated, a balloon embodying this invention will 

lengthen. This lengthening may be more pronounced on a 
balloon cylindrical surface opposite a longitudinal ridge. 
The ridges can act as bellows adding length to the balloon, 
with bending where ridges are less pronounced, as on a 

15 reduced texture strip. This lengthening, when coupled with 

an axially fixed shaft, will tend to bend the balloon in a 
curved or banana shape, as the balloon ends are fixed and 
the balloon is lengthening. In a balloon having a 
perfectly symmetrical surface, the direction of this 

20 bending will be unpredictable. In the present invention, 

this bending will be concave on a balloon surface having a 
longitudinal strip. The longitudinal strip will assume a 
concave orientation in the resulting banana shape. The 
banana-like shape will range from very slight to pronounced 

25 in different embodiments of the invention having an axially 

fixed shaft. 

The balloon bending may be used advantageously where 
such bending is a benefit, as in conforming to an 
anatomical curve in a selected artery. Balloon bending may 

30 also be reduced by compensating for the bend by molding the 

balloon such that it has a bend in a direction to counter 
the pressurized bending. 

In embodiments where balloon bending is not desired, 
such bending can be mitigated or eliminated using a coaxial 

35 shaft design. The increased balloon length can be 

accommodated by the coaxial shaft design as depicted in 
FIG. 6, having outer shaft 26 axially moveable relative to 

10 
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inner shaft 24, allowing for balloon elongation without 
significant balloon bending. 

Upon initial depressurization, the region of reduced 
surface texture or longitudinal strip 14 collapse to form 
5 notch 15 which acts as a living hinge and collapses toward 

the center shaft, as illustrated in FIG. 16. The notch 
controls where the balloon will initially collapse, 
providing a deterministic, controlled folding of the 
deflating balloon. The embodiment shown in FIG. 16 has a 
10 generally V-shaped notch. 

Upon depressurizing, a balloon envelope without 
surface texture would tend to collapse in an uncontrolled 
manner, leading to "pancaking" and a totally collapsed 
balloon having wings. The textured balloon surface and 
15 notch 15 bring about a controlled collapse, as illustrated 

in FIG. 17. In the present invention, the strip of reduced 
texture 14 which formed longitudinal notch 15 serves as a 
global region of weakness, causing preferential and 
controlled folding along the notch 15. This preferential 
folding along a non-textured longitudinal strip occurs 
because the longitudinal strip lacks the same three 
dimensional structural support provided by the texture 
structure. As deflation further continues, this controlled 
folding continues, causing more of the balloon surface 
adjacent to the longitudinal strip to become part of a 
radially inward oriented notch or channel. As deflation 
continues further, this notch becomes deeper, forming two 
slightly curved wings having longitudinal edges 32 as 
depicted in FIG. 17. 

The partially deflated balloon notch initiates a 
corresponding folding of the balloon envelope surface 16 on 
either side of the notch, resulting in two longitudinal 
edges 32 illustrated in FIGS. 17 and 18. In many prior art 
balloons, the longitudinal edges 32 would be on either side 
35 of the "pancake", forming the outermost edges of the 

balloon wings. In the present invention, the preferential 
folding caused by the longitudinal non-textured strip 
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causes the formation of the aforementioned notch, which 
grows into a general concave region 34 as still more 
inflation fluid is withdrawn from the balloon. Concave 
region 34 is illustrated in FIGS. 17 and 18. 

As more inflation fluid is withdrawn, edges 32 curl 
towards each other, continuing the folding pattern 
initiated by non-textured strip 14. The balloon C-shaped 
radial ridges are believed to assist in this wing curling. 
At the final extent of fluid withdrawal, illustrated in 
FIG. 19, edges 32 are curled inward and towards each other, 
resulting in a small profile. A balloon having two wings 
folded together has only about one half the profile of a 
balloon having flattened wings lying both in one plane. A 
balloon further having curled folded wings has an even 
smaller profile. To the extent the wing edges 32 face 
inward rather than outward, the possibility of damage to 
conduit walls is lessened. 

In a preferred embodiment of the present invention, 
the surface texture comprises radially raised ridges 12. 
Using radially raised ridges aids in curling the balloon, 
as this radial surface structure is already curved, and 
remains curved after deflation in both the concave region 
34 and on the periphery of the deflated balloon. The 
concave orientation of curvature in concave region 34 after 
deflation is opposite the convex orientation of curvature 
while inflated, changing abruptly at edges 32. The curved 
wings are illustrated in FIGS. 19, 20, and 21. 

Varying geometries result in varying folding 
characteristics. FIG. 20 illustrates a preferred 

embodiment having a single longitudinal strip whereupon 
initial deflation the apex of the notch 15 coincides to the 
midline 62 when viewing the balloon cross section. FIG. 21 
illustrates another preferred embodiment where notch 15 
midline 60 is eccentric to balloon cross section midline 
62. FIG. 21 shows a balloon cross section taken along a 
plane perpendicular to the longitudinal axis of the 
balloon. Any radial line drawn outward from the central 
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longitudinal axis of the balloon intersects the balloon 
surface in a point. Well away from the notch, a surface 
tangent line at this point forms a right angle with the 
radial line. At a point closer to the notch, the tangent 
line angles inward toward the notch. At the points where 
the two tangents on either side of the notch begin to 
substantially angle inward, the two radii lie at a notch 
angle with respect to one another. In a preferred 
embodiment of the invention, this angle is between 1 and 
180 degrees. The depth of a notch, if preformed in a 
balloon, in a preferred embodiment, ranges from 1 to 90% of 
the balloon diameter. 

The present invention may also be used for stent or 
graft placement. Raised radial ridges may assist in 
maintaining a stent or series of stents in position 
relative to the balloon during inflation. At very high 
pressures, above 15 atmospheres, the ridges flatten out. 
This flattening ensures that the stent or graft is 
uniformly expanded. A textured surface also lessens 
adherence between graft materials such as PTFE, collagen or 
composites and balloon surfaces. A textured surface 
especially lessens adherence between expanded PTFE grafts 
and glassy PET balloons. 

In a preferred embodiment, the balloon is formed of a 
thermoplastic such as polyethylene terepthalate (PET) , 
nylon or polyethylene. Another suitable material is an 
elastomer. The balloon may be made using well known 
methods such as blow molding or co-extrusion. A multi- 
layer balloon may be formed using co-extrusion. 

The balloon may be made by placing a pre-blown 
partially inflated balloon in a mold having a length 
corresponding to the desired length of the balloon and 
having a surface texture corresponding to the surface 
texture desired on the balloon surface. The mold is heated 
to the softening point of the plastic balloon material, 
generally between 160 degrees C and 195 degrees C. A 
pressurizing fluid such as nitrogen is injected into the 
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balloon, forcing the balloon walls against: the mold walls. 
The texture patterns form regions of greater stretching and 
stress on the balloon, resulting in regions of greater and 
lesser rigidity. The balloon is them removed from the 
mold. Pulling a vacuum on the balloon results in a wrapped 
balloon of decreased profile. 

Numerous characteristics and advantages of the 
invention covered by this document have been set forth in 
the foregoing description. It will be understood, however, 
that this disclosure is, in many respects, only 
illustrative. Changes may be made in details, particularly 
in matters of shape, size, and arrangement of parts without 
exceeding the scope of the invention. The inventions 's 
scope is, of course, defined in the language in which the 
appended claims are expressed. 
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What is claimed is: 

1. A balloon for attachment to a catheter shaft for 
introduction into a human body conduit, said balloon having 
a longitudinal axis defining a length thereof and a radial 
surface defined by a circumference of said balloon, said 
balloon comprising: 

a balloon envelope defining a portion of said 

balloon, said balloon envelope having a textured 

surface extending radially around a portion of the 

circumference of said balloon; and 

at least one longitudinal reduced-texture strip 

extending over at least a portion of said length of 

said balloon on said envelope surface. 

2. A medical balloon as recited in claim 1, wherein 
said textured surface comprises raised radial ridges. 

3. A medical balloon as recited in claim 2, further 
comprising reduced diameter transition sections on either 
end of said balloon wherein said radial ridges extend into 
said transition sections. 



4. A medical balloon as recited in claim 2, wherein 
said radial ridges have substantially constant width and 
height across said balloon length. 

5. A medical balloon as recited in claim 2, wherein 
said radial ridges have a density of from about 10 to about 
20 ridges per inch. 

6. A medical balloon as recited in claim 2, wherein 
said ridges have peaks and troughs, said peaks having a 
generally rounded shape. 

7. A medical balloon as recited in claim 6, wherein 
said troughs have a generally flat shape. 
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8. A medical balloon as recited in claim 1, wherein 
said longitudinal reduced-texture strip comprises at least 
one relatively smooth surface formed by terminating said 
textured surface prior to encompassing the circumference of 
said balloon. 

9* A medical balloon as recited in claim 8, wherein 
said smooth surface runs substantially continuously. 

10. A medical balloon as recited in claim 3, wherein 
said reduced texture strip runs in said transition 
sections . 

11. A medical balloon as recited in claim 8, wherein 
said reduced texture strip runs generally in a spiral 
orientation around said balloon. 

12. A medical balloon as recited in claim 8, wherein 
said reduced texture strip runs substantially in a straight 
line parallel to said balloon longitudinal axis. 

13. A medical balloon as recited in claim 1, wherein 
said reduced texture strip and balloon cross section, upon 
initial deflation , each have a midline, said reduced 
texture strip midline coinciding to said balloon cross 
section midline. 

14. A medical balloon as recited in claim 1, wherein 
said reduced texture strip and balloon cross section, upon 
initial deflation, each have a midline, said notch midline 
being eccentric to said balloon cross section midline. 

15. A medical balloon as recited in claim 1 wherein 
said balloon envelope is formed of a material selected from 
the group consisting of polyethylene terepthalate, nylon 
and polyethylene. 
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16. A medical balloon as recited in claim 1 wherein 
said balloon has a generally cylindrical shape. 

17. A balloon catheter for introduction into a body 
conduit, said catheter having a shaft with a proximal end 
and a distal end with a distal region proximate said distal 
end, said catheter comprising; 

a balloon having a longitudinal length and radial 
circumference defining the outside diameter thereof 
attached to said shaft distal region; 

a balloon envelope, said balloon envelope having 
a textured surface extending around a portion of said 
circumference ; and 

at least one longitudinal reduced-texture strip 
on said envelope surface, whereby said reduced-texture 
strip provides a preferential folding region on said 
envelope surface. 

18. A balloon catheter as recited in claim 17 wherein 
said catheter shaft has an inner shaft and an outer shaft, 
said outer shaft being fixedly attached to said balloon 
distal end, said inner shaft being fixedly attached to said 
balloon proximal end, and said inner and outer shaft being 
axially moveable relative to one another. 

19. A medical balloon as recited in claim 17, wherein 
said textured surface comprises raised radial ridges. 

20. A medical balloon as recited in claim 17, wherein 
said longitudinal reduced-texture surface comprises a 
smooth surface. 

21. A medical balloon as recited in claim 17 wherein 
said balloon envelope is formed of polyethylene 
terepthalate. 
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22. A medical balloon as recited in claim 17 wherein 
said balloon has a generally cylindrical shape. 

23. A balloon catheter as recited in claim 17 further 
having a graft stent radially disposed about said balloon. 

24. A balloon catheter as recited in claim 2 3 wherein 
said graft stent comprises expanded 
polytetraf luoroethylene . 

25. A medical balloon for attachment to a catheter 
shaft for subsequent introduction into a human body 
conduit, said balloon comprising: 

a balloon envelope, said balloon envelope having 
a textured surface; and 

a preferential folding means on said envelope 
surface • 

26. A medical balloon as recited in claim 25 , wherein 
said radial ridges have a density of from about 1 to about 
50 ridges per inch. 
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